Copies of this information may be obtained free of charge from The Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax: +44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk). COMPUTATIONAL CHEMISTRY. Several sets of computations were performed. Calculation of the EPR parameters were performed using the ORCA program package at the BP86/def2-TZVP level including the ZORA approximation. S7 The calculations were performed on previously optimized structures using the TURBOMOLE program package. S8 The geometries were optimized at the (RI)-B3LYP level in the def2-TZVP basis. S9 The coordinates of the solid state structures were chosen as starting geometry. Since for these calculations the whole, i.e. non-simplified molecules have been taken into account, the optimized structures were not checked for minima by 2 nd derivative (frequency) calculations due to the large number of atoms. The conformational analysis was carried out with the Gaussian09 program. S10 The methylated m-terphenyl-substituents have been simplified to phenyl groups in order to reduce the number of electrons, but also to reduce the number of rotational isomers of the methyl groups which would complicate the finding of the ground state configuration. The pentafluorophenyl compounds have been calculated as such. At first some well-established methods have been tested. It turned out that the MP2 ab initio method was too time consuming, frequency calculations took months or did not converge. The DFT Becke3LYP method worked reliably. Alternatively user defined models as proposed for radicals has been tested by using a mixed ratio of exact and DFT energy terms of 4.428:0.572 with the MPW1PW91 hybrid functional. S11 The energy separation and overall geometry of the dichalcogenide radical cations in C 2 and C s symmetry did not change, so that all further calculations have been performed with the Becke3LYP functional. On the neutral diaryl dichalcogenides the choice of the basis sets has been tested, since their molecular structures are known from X-ray crystallography. The cc-pvTZ basis set is superior to 6-311+G(d,p) in reproducing bond distances. Remaining large differences between experimental and calculated structure are found only for the C-S-S-C and C-Se-Se-C dihedral angles of the fluorinated phenyl derivatives. Basis sets used for selenium are all electron 6-311+G(d,p) and cc-pvTZ, and also a core potential for 28 electron and a 14s10p2d1f[3s3d2p1f] basis set. Te has been represented by a 46 electron core potential and a 15s11p3d1f[3s3p2d1f] basis set. S12 Wiberg bond indices (WBIs) were calculated with NBO 5.9 as implemented in Gaussian09. 37 The 77 Se and 125 Te NMR chemical shifts were computed with the GIAO method using the cc-pVTZ basis set for C and H atoms as well as an IGLO-II type basis set for Se and Te (see also Figure S15 and S16 as well as Tables S5-9). S13 Figure S1 .
Cyclic voltammograms of 16a-c at Pt anode in CH 2 Cl 2 / 0.1 M n-Bu 4 NBF 4 at  = 0.1 V s -1 and c = 5·10 -4 mol l -1 . Table S1 .
Results of the cyclic voltammetry investigations of 16a-c ( = 0.1 V s -1 , c = 5·10 -4 mol l -1 ). ( 1 H) -, -, -3.8 (-0.6, -2.6, -3.8) (-174.9,94.8,-110. 3) Figure S9 . Orientation of the g-matrix axes in the Molecular frame for radicals 17a, 17b and 17c (see also Table S3 ). Table S3 . g-matrix principal axis vectors g 1 , g 2 , g 3 for the radicals 17a, 17b and 17c in the molecular frame (defined by the selected atom coordinates below) from the DFT calculations (see also Figure S9 ). Figure S10 . 1 H Q-band (34.1922 GHz) Davies ENDOR spectra recorded at 40 K of 17a (black) and simulations (red) for the largest proton hyperfine coupling (the one resolved in the EPR spectra). Spectra have been centred around the 1 H Larmor frequency  1H . The measurement field positions from bottom (g 3 ) to top (g 1 ) are: 1204.7 (g 3 ), 1205.7, 1207.7, 1209.7, 1211.7, 1213.7, 1214.5 (g 2 ), 1215.6, 1217.2, 1218.9, 1220 .6 (g 1 ), 1221.0 mT. 
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(-0.00042) n.a. (-0.00042) L 30,
Figure S12.
1 H Q-band (34.1545 GHz) Davies ENDOR spectrum recorded at 10 K of 17c (black) and simulation (red) for the largest proton coupling. The observer position was close to g 2 (B 0 = 1195.1 mT) and shows the largest coupling is |A max | = 3.8 MHz.
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Figure S13.
Temperature dependences of effective magnetic moment μ eff of 17a-c. Figure S15 . Relaxed potential energy surface scan considering the transitions between the C 2 and the C s symmetric structures of (C 6 H 5 S) 2 + (2a, blue) and (C 6 F 5 S) 2 + (14a, red) by calculation of relative energies (kcal / mol) at fixed C-S-S-C dihedral angles (varied in 5° steps). Table S6 .
Calculated energies (a.u.) of the diphenyl-dichalcogen radical cations and their energetic difference (kcal / mol) between C s and C 2 (C 2h for 14c) Table S7 . Structural data of the diaryldichalcogen radical cations in C s and C 2 (C 2h for 14c) symmetry, calculated at the B3LYP/cc-pvT level of theory.
[ Table S8 . Calculated ionization energies (eV) of the diaryldichalcogens 1a-c and 13a-c. Table S9 . Wiberg Bond Indices, Natural Charges, and Mullikan Charges at the chalcogen atoms of 1a-c, 2a-c, 13a-c  and 14a- Neutral compounds in C 2 symmetry; Radical cations in C s symmetry, except (C 6 F 5 Te) 2 + (14c) which has C 2h symmetry. Second numbers refer to the chalcogen atoms that are linked to the in-plane phenyl rings in case of C s symmetry. Method Becke3LYP, cc-pVTZ basis sets.
